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External quantum efficiencies S27 S4 under a nitrogen atmosphere with a scan rate of 10 °C min -1 . Differential scanning calorimetry (DSC) was performed on a Perkin Elmer Sapphire DSC at a heating rate of 20 °C min -1 .
Computational methods
Gas phase electronic structure calculations have been performed to obtain the optimized geometries of the neutral and protonated forms using the Gaussian 09 program and a split valence 6-31G* basis set. S1 Molecular orbital plots were obtained with the Avogadro molecular editor software. To assess the influence of the approximations made for the exchange and correlation potential we have tested various hybrid and long-range corrected exchange and correlation functionals including B3LYP, CAM-B3LYP, LC-wPBE and wB97XD. Subsequent vibrational frequency calculations at the same level of theory were performed on the optimised neutral and protonated species to characterize the stationary points and no imaginary frequencies were found. To test the sensitivity of these results on the basis set used we have also performed calculations for larger split valence basis sets with polarized and diffuse orbitals up to 6-311++G**. We find that a larger basis set lowers the HOMO level of both the neutral and protonated species by approximately 0.2-0.3 eV and therefore does not influence the magnitude of the energy shift of the HOMO upon protonation. Excited state energies and oscillator strengths for the vertical transitions have been computed from time-dependent density functional theory (TD-DFT) using the ground state geometries of the neutral and protonated forms. Absorption spectra have been broadened by a Lorentzian with a half-width at half maximum of 0.2 eV.
Device preparation
Solar cells were prepared by covering pre-cleaned ITO patterned glass substrates with PEDOT:PSS (Clevios P, VP Al4083) by spin coating. For the devices with a MoO x hole transporting layer, MoO 3 was deposited by thermal evaporation under vacuum resulting in a S5 weight), was spincoated from a chloroform solution (15 mg mL -1 total weight) with a thickness 55-65 nm. A 1 nm thick layer of lithium fluoride (LiF) followed by a 100 nm thick aluminium layer were deposited by thermal evaporation under vacuum (~2 10 -7 mbar).
Current-voltage characteristics were recorded in a glovebox using a Keithley 2400 source meter under simulated solar light (1000 W m -2 ) from a tungsten-halogen lamp filtered by a Schott GG385 UV filter and a Hoya LB120 daylight filter was used to illuminate the devices.
Short-circuit currents under AM1.5G conditions were estimated from the spectral response in combination with the solar spectrum. The spectral response was measured under simulated 1 sun operation conditions using bias light from a 532 nm solid state laser (Edmund Optics).
Light from a 50 W tungsten halogen lamp (Osram64610) was used as probe light and 
Transmission electron microscopy
Transmission electron microscopy (TEM) was performed using a FEI Tecnai TF20 electron microscope operated at 200 kV. The films were spin coated on PEDOT:PSS and transferred to a copper grid. S3 4-nitrotriphenylamine (3.5 g, 12.1 mmol) was dissolved in dry THF (50 mL) and palladium on carbon (10%, 0.4 g) was added to the reaction mixture. After degassing, the mixture was shaken for 3h under a 4 bar hydrogen atmosphere before filtering over celite. Removing the solvent yielded 3.00 g (11.6 mmol, All solvents were degassed before use. In a dry 3-necked flask under argon, 4,7-dibromo-2,1,3-benzothiadiazole (2.0 g, 6.8 mmol) and PdCl 2 (PPh) 3 (560 mg, ) are dissolved in benzene (100 mL). 5-formylthiophene-2-ylboronic acid (3.2 g, 20.5 mmol) in ethanol (48 mL) was added followed by a Na 2 CO 3 solution (2M, 48 mL). The mixture was heated to 50 °C and turns orange with a white precipitate. After 5h, the mixture was allowed to cool to room temperature and the solids were filtered off. The residue was washed with water (3x 100 mL), MeOH (3x 100 mL) and chloroform (3x 100 mL), resulting in the title compound as an orange solid (2. isopropanol (20 mL) were added, followed by a crystal of p-toluenesulfonic acid as a catalyst.
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4-aminotriphenylamine (1)
The mixture turned orange and was heated to reflux. After 3 days the mixture is cooled to room temperature and the orange precipitate was filtered off. The product was washed by isopropanol and isopropanol:triethylamine (98:2) resulting in 1.85 g (98%, 2.9 mmol) of the Table S1 . Summary of the thermal properties of TPA-X-TPA. 
Halochromatic behaviour
Azomethines are known to be halochromatic, which results in significant change in their absorption spectrum upon protonation. S5,S6,S7 Addition of 1 or 2 equivalent of para-toluene sulfonic acid (pTSA) to the azomethine solutions resulted in a visible colour change and a red shift in the absorption spectrum. For the TPA-Th-TPA a new absorption maximum at 615 nm is observed (shift of 148 nm), which is attributed the protonated small molecule. Upon S12 addition of 2 equivalents the intensity of the absorption maximum at 615 nm further increases while the absorption of the neutral species further decreases. In addition an extra absorption band appears around 850 nm.
For TPA-TBT-TPA the absorption maximum was red shifted from 520 to 575 nm upon addition of 2 equivalents of pTSA. Also a decrease of the absorption maximum at 389 nm and 520 nm was observed upon addition of acid. A similar colour change of the solution was also observed, although to a lesser extent, when the small molecules were dissolved in acidic solvents like CHCl 3 . This can be detrimental for hole extraction and can also lead to enhanced recombination.
Similar conclusions in terms of localization and a downward shift of the HOMO energies were reached when the TPA nitrogen was protonated ( Figure S9 ). However, we found that S17 protonation of the TPA moiety as compared to the azomethine nitrogen site is energetically less favourable.
The absorption spectra of the neutral, protonated and double protonated TPA-Th-TPA were calculated at the TD-TFT level and are displayed in Figure S13 . Single protonation of the azomethine results in a large red shift which is comparable with red shift observed in the experimental data shown in Figure S4 . Protonation of both azomethines shifts the absorption further to the red. This double protonation explain the extra absorption band around 850 nm that appears upon addition of two equivalents of acid. Overall, the computational data on the protonation-induced changes in absorption energies are in agreement with the experimental data which supports the predicted influence of protonation on the electronic structure of the azomethine molecules. a J sc was calculated by integrating the EQE spectrum with the AM1.5G spectrum measured under light bias. MPP was calculated using the current which was not corrected for the AM1.5G spectrum. PCE were calculated using the corrected currents.
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The optimal annealing time was found to depend on both the donor and acceptor material.
Annealing at 70 °C resulted in an increase in efficiency for all devices; the optimum annealing time was found by subsequently heating the device while measuring the device characteristics. Annealing temperatures of 100 °C and higher resulted in a decrease in efficiencies. [70]PCBM shows a significant higher current, leading to higher PCE. 
